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. , . - STATIONARY ENGINEER 

SUPPLEMENTARY REFERENCE DIRECTORY 

Note: All reference packets are numbered on the upper right-hand corner of the respective cover page. 

Supplementary 
Packet » . 



12.1 
12.2 
12.3 
12.4 
.12.4 
12.5 

12.7 

12.8 

13:1 
13.2 
13.4 
13.6 
13.7 

13. 3 
13.5 



Description . . , , , ' . 

Correspondence Course, Lecture 1, Sec. 2, Steam Generators, Types 
of Boilers I, S.A.I.T., Calgary, Alberta, Canada . ' 

Correspondence Course, Lecture 2, Sec. 2, Steam Generators, Types 
of Boilers 11,- S.A.I .T., Calgary ,. Al berta, Canada ' • 

Correspondence Course, Lecture 2, Sec. 2, Steam Generators, Boiler 
Construction & Ere.ction, S.A.I.T., Calgary, Alberta, .Canada 

Correspondence Course, Lecture 4, Sec. 2, Steam Geney'ators, Boiler 
Fittings II, .S.A.I. T., Calgary, Alberta, Canada. 

. * " ■ * • ■ 

Corresondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler 
Fitting I,.S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 10, Sec. 2, St^am Generation, Boiler 
Operation, Maintenance, Inspection, S.A.I.T., Calgary, Alberta, 
Canada . 

Correspondence Course, Lecture 3, Sec. 2, Steam Generation, Boiler 
Details, S.A. I. T., Calgary, Alberta, Canada 

Refer to reference packet 14.3/12.8 

Correspondence Course, Lecture 9, Sec. 2, Steam Generator, Power 
Plant Pumps, S.,A. I. T., Calgary, Alberta, Canada ' 



Correspondence Coiirse, Lecture 6, Sec. 3, Steam Generators, Pumjs, 
S.A.I.T., Calgary, Alberta, Canada 



' Related .Tr a ining Module 

12.1 Boilers,' Fire Tube Type. 

12.2 Boilers, Water Tube Type 

t' 

m 

12.3 Boilers, Construction 

12.4 Boilers, Fittings 
12.4 Boilers, Fittings 



1'2.5^ Boilers, Operation 



12.7- Boiler^ Heat Recovlery 
. Systems 



PUMPS • - . - . 

13 J Types & Classification 

13.2 Aj)pli cations ' 

13.4 Calculating Heat & Flow 
13.6 Monitoring & Troubleshooting 
."13. 7 Maintenancfc . ' > 

13.3 ^ Construction 
13. .5 " operation • • 
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14.3 
12.8 



14.4 
15.1 - 

r 

15.2 
15.3 
15.4 

'.16.2' 
.♦ 

< ■ ■ 

16.2 
16.3 
17.1 



' Correspondence Coijrse, Lecture 6, Section 3, Steam Generators, Steam 
Generatpr Controls, S/AvI.T. , Calgary, Alberta] Canada 

I* . . ^ . ■ ■ ^ . 

■ 

Correspondence Course, Lecture 11, Section 2, Steam Generators, 
:Piping II , S:A.:I .T. , Calgary Alberta , Canada 

* 

. Correspondence "Course* tecttire h , Sec. 4, Prime Movers & Auxiliaries,' 
Steam .TJrlxfnes, S. A. KT. , Calgary, Alberta, Canada ^ 

Correspondence Colirse'^ Lecture. 4, Sec. 3, Prime Movers, Steam 
Turtfines' I, S.A.I. T. , ^^Igary, Alberta, Canada 

Correspondence Course, Lecture 2, Sec. 4\^Prime Movers & Auxiliaries, 
Steam Turbine Auxiliaries, S. A. I. T., Calgary, Alberta, Canada 

Correspondence. Course, Lecture 6, Sec. 3, Prime Movers, Steam .Turbine 
Operation & Maintenance, S.A.I.T., Calgary, Alberta, Canada* 

Correspondence Course, Lecture 8, Sec. 3*, Prime Movers , Gas^urbiqes, 
S.A. I -Calgary, Alberta,, Canada 

'* 

Boilers Fired with Wood and feark Residues, D.D. Junge, 'f . R.L. , O..S.U, 
1975 

. . Correspondence Course, y^^yjlt 5, Sec. 2-, Steam Generators, Fuel 
Combustion, S.A.I. T., Ca.lg/p, Alberta »^anada , 

Correspondence Course", Lecture 5, Sec. 2, Plant Services, Fuel & 
Combustion, S.A.I. T. , Calgary, Alberta, Canada « 

Correspondence' Course, Lecture 12, Sec. 3, Steam Generation, Water 
Treatment, :S. A. l.T. , Calgary, Alberta, Canada ' ^ 



Correspondence Course, Lecture 12, Sec. 2,. Steam Generation, Water 
Treatment, S.A.I.T,, Calgary, Alberta, Canada ' 
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14.3 Steam, fransport 

12.8 Boilers, Instruments & 
Controls 

14.4 Steam, Purification 



15.1 Steam Turbines, Types 



15.2 Steam Turbines, Components 



15.3 Steam Turbines, Auxiliaries 



15.4 Steam Turbines, Operation & 
Maintenance ^ 

15.5 Gas Turbines 



16.2 Combustion -Types of Fuel 

16.2 Combustion Types of fuel 

16.3 Combustion, Air & FueV ^ases 

17.1 Feed i^^^er, Types & 
• 'Operation 

17.2 Feed >,dter, Water Treatm^ents 
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17.3 
18.1 



18.1 
18,2 



19.1 



19. ,1 
19.2 



20.1 
21.1 

22.1 



I 



Correspondence Course, Lecture 7, . Sec. 2, SJieam Generators, Boiler 
Feed Water Treatment, S. A. I .T. , 'Calgary, Alberta, Canada 

Corresponflence Course,' Lecture 2, Sec. 5, Electricity, Dirett 
Currant Machines, S.A.I. T., Calgary, Alberta, Can^a 

^ ■ . ■ ■ • • 

Correspondence Course, Lectune 4, Sec. 5, E'lectricity, Alternating 
Current Generators , S. A. I.T. , Calgary, Alberta, Canada ^ ' 

* . • ^ 
Corrspondence Course, Lecture 5, Sec. 4, Prime Movers &' Auxiliaries, • 
Air Compressor I, S.A.I.T., Calgqry, Albena, Canada . 

Correspondence Course, Lecture 6, Sec. 4, Prime Movers &' Auxiliaries, 
Air Compress9rs II, S.^.I.T., Calgary, Alberta, Canada 

Basic Electron! cf ,>Dwer Transformers, EL-BE-51 • ' ' 

Correspondence Course, Lecture 7, Sec. 5, Electricity, Switchgear 
& Circuit, Protective Equipmeot, S.A.I .T. , Calgary, Alberta, Canada 

Correspondence Course, Lecture 10, Sec. 3, Prime Movers,, Power Plant 
Erection & Installation, S.A.I.T., Calgary, Alberta, Canada 



Related Traili ng ModuTe 
17. 3- Feed Water, Testing 



1.8.1 Generators, Types & 
Construction 

u ■ 

18.1 Generators, T^pes"& 
„^ ^ ^ Construction ; . 
18'.2' Generators, Operation 

19.1 Ai.r Compressors, Types 

19.1 Air Compressors, Types 

19.2 Air Compressors, Operation 
& Maintenance 

20.1 Transformers 

21 .1 Circujt Protecti'on 

22.1 Installation Foundations 
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• . * RE,COMMENDATIONS FOR U^II^G. TRAINING MODULES 

The following pages list modules and thetr corresponding numbers for this 
particular apprenticeship trade. As related tfao'ning classroom hours, 
vary for different reasons throughout the state, we recornmend that 
the individual apprenticeship committees divide the tot^al packets to*% 
fit theii? .individual class schedules. 

There are over 130 modules available. Apprentices can complete the 

• • » 

whole set by the end of their indentured apprenticeships. Some 
apprentices may already have knowledge and skills that are covered 
in particular modules. In those cases, perhaps credit "could be 
granted for those subjects, allowing apprentcies to advance to the 

remaining modules.^ . 

■ ■ . '■ ■ 

We suggest the the apprenticeship instructors assign 1:he modules in 
numerical order to maks this learning tool mpst effective. 
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-StTPPLEMENTARY INFORMATION 
ON CASSETTE. TAPES 

t 



Tape 1: Fire 'I\ibe' Boilers - Water Tube Boilers 

and Boiler Manholes and Safety Precautions 

Tape 2: Boiler Fittings, Valves, Injectors, r 
Punps and Steam Traps 

Tape 3: Conbustion, Boiler Care Heat Transfer 
and Feed Water Types 

Tape 4: Boiler Safety and Steam Turbines 



NOTE: The above cassette tapes are intended as adcjitional 
reference material for the respective modules, as 
indicated, and not designated as a required assignment. 
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COMBUSTION ~ PROCESS 



Goal: * ; 


Performance Indicators: 


The apprentice will be able to 
describe the basic process of 
combustion* 


1. Describe basic ^combustibles — \ 
carbon, gaseous hydrocarbons 
and carbon monoxide and 
'hydrogen. 




2. Describe perfect combustion. 


• 

9 

• 


% 

3. Describe complete combustion-. 

f 

A. Describe incomplete combustion* 


1 


♦ 
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Study Guide 




^ ^ Read the goal, and performance Indicators to find what is to be learned from 
package. ' ^ . 

♦ 

. ^ Read the vocabulary list to find^ new words that will be used in package. 

* Read the introduction and information sheets, 

. Complete the job sheet • ' • ♦ 

* Complete self-assessment. ' . 
^ Complete post-assessment. 
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* Carbon 

* Carbon dioxide 

tr Carbon monoxide 
f Combustible 
f Combustioji 
-^■^ Complete combustion 

* Decomposition 

^ Gaseous hydrocarbons 
Incomplete combustion 

^ Perfect combustion 
Soot 

* ' Sulfur dioxide 



•v 



i f 




Fuels are burned for the energy that they contain. The burning of fuels is 
referred to as combustion. As combustion takes place, the heat energy ie 
collected and used for ' producing steam and other purposes. ^ 

The basic conbustion process involves combining combustibles with oxygen. 
Combustion cannot take place in the absence of air (oxygen). The control .of'air 
\,o the combustion chamber is critical for efficient capture of heat energy. 
ConAustion is a chemical process that recombines carbon^ hydrogen, oxygen and * 
sulfur molecules, 

• 

A plant operator must understan,d the basic combustion process and how to 
recognize the characteristics of flames. They must \iB able to control the 
oxygen supply in a way that complete combustion can take place. If this is not 
done properly, the heat energy is lost up the smoke stack. 
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Information 




The process of combustion must be understood*^ by the operator. Diffetent fuels 
react in different mapners during the combustion process. The portions of a 
fuel ^that burns during combustion is called combustibles . The basic 
combustibles in a fuel are: 



Solid carbon 

Gaseous hydrocarbons 

Carbon monoxide and hydrogen 



Carbon . / 

Carbon fuels sucli as coke, coal and charcoal burns with a white, luminous flame. 
The carbon is represented by the symbol C. When carbon mixes with oxygen (0^) 
from the air, the following products result: . 



C 

e 



+ 0 



CQi ( carbon dioxide ) 
CO (carbon monoxide) 



A dioxide means that two oxygen atoms are comt)ined with each carbon atom. ^ 
Monoxide means that only one oxygen atom combines with each carbon atom', A 
prefix of di means two. A prefix of mono means one in all chemical formulas. 
Carbon dioxide is a product of complete combustion . Carbon monoxide is a 
product of incomplete combustion . Complete combustion is dependent on the 
amount^ pf oxygen or air that is available to the combustion process. The 
control of air to a furnace is critical to efficient combustion * ^ 

Gaseous Hydrocarbons 

Gaseous hydrocarbons are the basic combustible of fuel oil, natural gas and the 
heavy, tars found in bituminous coal. These hydrocarbons are vaporized before 
combustion takes place. Hydfocarbons must be mixed with large quantities of air 
if complete combustion is* to take place. The oxygen combines with, the carbon . 
atoms to form ^ghter cbmpounds which are combustible. Another method for 
combustion of hydrocarbons is to reduce them to soot thr9Ugh deigomposition . 
Decomposition breaks the hydrocarbons Into carbon (soot) and hydrogen molecules* 
The soot (C) is then combined , with oxygen (0^) and burned. 

Carbon .Monoxide and Hydrogen ^ ^ 

Carbon monoxide results from the combustion of hydrocarbon fuels. It is part of 
^ost gas fuels. Hydrogen is also liberated in the form of H during the burning 
^f hydrocarbons. Both *bf these products can be burned at temperatures of 760 C 



ERIC 



20 



STRUCTIONAL lieARNING SVSTEM$ 



Information 




to 15A0 C with excess, supply of oxygen. Carbon monoxide burns with a light blue 

flame* Hydrogen shows a colorless flame* The burning of carbon mono3tide and 

hydrogen converts the combustible to carbon dioxide (COjjf) and water (H;^0) • The 

chemical formula for the combustion of carbon monoxide is: - ' 

CO + Oi — ^ — *~ COx (carbpndioxide) + 0 (excess oxygen) 

Hydrogen burning is shown as; 

2Hj. + 0^ 2H;i'>( water )0 (oxygen) 

Sulfur Combustion 



Most fuels contain sulfur, 
dioxide (SO;j>. 



The sulfur (S) combines with oxygen (0 ) sulfur 



S + 0;i 



so^ 



f. 



Sulfur is an impurity in the fuel and should be avoided as much as possible. It 
changes into acid forms that damage metal. 

Perfect Combus tion . . . 

If all combustibles were completely burned it would be perfect combustion. In 
perfect combustion, the products would be carbon dioxide, sulfur dioxide, water, 
nitrogen and ash. Perfect combustion is nearly impbssible because^ of the 
problems in getting the combustible molecules linked up with oxygen molecules. 
Large quantities of diluting gases must be present to allovr all combustible 
molecules to find oxygen partners, 

H> . ^ . 

Complete Combustion . ^ 

Complete combustion occurs when an excess of air is provided beyond that 
provided for perfect combustion. In addition to CO;i, SO^, H^j^O, N;^and ash, the 
flue gases will have Ox becailse of the excess air used in the process* 

Incomplete Combustion 

In incomplete combustion some of the conbustibles pass out the stack without 
yielding up their heat. The products of incomplete combustion are CO;t, SQt , 
J), and N;t as found in complete combustion. In addition, carbon monoxide (CO), 
hydrogen (H;0» soot (C) and methane (Clif)..will be passing out the stack. These 
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products are lost to the heat production process by incomplete combustion* 
Usually, a lack of oxygen is tl^ cause of incomplete combustion. Care must be 
ilsed in supplying excess air to the combustion process. Too much air can move 
flue gases out before they give up their heat. On the other hand, too little 
air always results in heat losses due to incomplete c^ombustion. The air must be 
well mixed with combustible^ gases to make th<i( chemical changes needed for 
complete combustion, Sometinies the flow patterns of gases and air become 
stratified in layers which prevents mixing, A shojrt bright fiye is one that has 
plenty of or an excess of aiir , Gas flames with, too^jnuch air /nay appear blue at 
the^tips while oil fires emit sparklers* On oil fired boilefrs a blue haze from 
the stack indicates excessive air. New air pollution stanfdards require that 
less excess air be used. This may result in less efficiency because o£ 
incomplete combustion. 



The^ operator must learn to recognize the characteristLts of flames and atack 
^missions. Visual inspectionis are' the basis for monitoring the combustion 
rocess. Efficient harvesting of the heat is dependejfit on the completeness of 
combustion. 
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* Cdtaplete the' job sheet ♦ / . . ^ 
^ Complete the self-assessment and check answers, 

* Complete the post-assessment and have instgructor gheck the answers,, 
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Job Sheet 




. COMPLETE VISUAL INSPECTION OF COMBUSTION PROCESS 



* Inspect flame and note characteristics. ^ • ' 

* Inspect stack emissions and note characteristics. 

* Describe the combustion process as to its completeness or incompelteness 
based on visual inspection, ^ • 

^ It there is a problem with the combustion ^ocess, recommend action for^ its 
improvement. ^ 

^ Check your observations and recommendations with the operator to determine 
if your inspection was a valid one. ' 
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Self 
Assessment 




Match the following terms and phrases, 
1 .•^^tlarbon monoxtde 



A. One 



1. Carbon dioxide 



3, Gaseous .hydrocarbons 



4,,_ Decomposition 



B. Products are GO , SO ^ H 0, 
N and ash, 

C. Product of complete' combustion , 

; ■ ( 

D. Blue haze at the stacl 



5, Complete combustion 



6. Ihcomplete combustion 



71 Carbon 



E. Basic combustibles of fuel 
oil and natural gas.; 

Product of incomplete 
combustion . 

G. Two 



8. Mono 



9. tlxcess air indicator 



10. Di 



H. Products are CO , SO , H 0, 
N ' and C0» H , C, CH . 

I. Reduction of hydrocarbons 
to soot. 

J. Burns with a white, luminous 
flame • 
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^Self Assesiment 



Answers 



* 

C 2, 



E 3. 
I A. 



B . 5. 



H 



D 



6. 



_J 7. 

A 8. 



9. 



10. 




if 



■A 
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^Post 

Assessment 




1* What is the most common product of incomplete combustion? 
2* What is the most common product of complete combustion? 

3, What one product is found in complete combustion that ip not^ found in 
perfect combustion? M ' ■ 

4, What harm is done when gases and air become stratified in layers in their 
flow patterns? • ' 



5, Do air pollution requireTnents always increase the efficiency of combustion? 

6, In an oil fired boiler, what would sparklers at the flame tips indicate to 
the operator? ^ ^ 

7, What, is the process called i(p which hydrocarbons are reduced to soot so 
" that combustion can take place? 

8« What is the color of a carbort monoxide flame? 



9. What two products result from combining carbon and oxygen in the combustion 
process? < . ' 



10. What is the product of this chemical reaction? S + 0 



SO 



12. 



o - 
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Instructor 

#^ost Assessment 
Answers 



1. Carbon monoxide 
2,. Carbon dioxide \ 



3. 0 





A. They fail to mix causing incomplete combustion. 



5. No 



6. Too much air. 



7. Decomposition 



8. Light blue 



9, Car bon-^ monoxide, cdrb'on dioxide 



10. Sulfur dioxide 



13 
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Supplementaiy 
T?eferences 





^ Free choice reading of texts, pamphlets or manufacturer information on the 
combustion process » « 

4 



/ 
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16.2 



COMBUSTION — TYPES OF FUEL 




Goal: 



The apprentice can describe 
types of fuelSji 



ERLC 



Performance Indicators: 



Describe coal fuels* 

2. Describe oil fuels. 

3. Describe' natural gas fuels. 

4. Describe wood fuel. 

♦ 

5* ^Describe proximate end 
ultimate analyses. |p 



4 
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* Read the goal and performance indicators to find what is to be learned from 
package* - . 

' > : ' • 

* Read the vocabulary llflt to find new words that will be used in package. 

* Read the introduction a"nd information sheets. 

^ Complete the job sheet . • ? \ ' 

^ Complete self-assessment. 
^ Complete post-assesfiment. c 
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-Vocabulary 







^ Anthracite 

^ Bituminous 

^ Crude petroleum » 

^ Fixed carbon 

Ueavy oil (Residual oil) 
^ Hogged fuel 

Light fuel oil 
^ Proximate analyses 
^ Pulverized coal 
^ Semi-anthracite 
^ Sub-bitumiiious 
^ Ultimate analyses 
^ ' Volatile matter 



4 ^ 
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SYSTEM^ 



Introduction 




Fuel^ containcarboi^^ in the 

combustion process. A fuel can be either a solid such as Qoal or wood; a liquid 



such as fuel oil; or a gas such as nautral gas. 



An operator, should understand the fuels and their characteristics, advantages 
and disadvantages. Each fuel has unique qualities that should be fully 
understood if efficient heat yields are to be obtained from the combustion of 
the fuel. ' ' 
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t 








• 

iniorr 


• 

iiciiion 


* 

4 









Fuels are substances thit will produce combustion when mixed with oxygen* Many 
types of fuel are used to operate power plants* The common fuels are": 

!• Coal 

2. Fuel oil r I ^ 

3. Natural gas 

4. Wood ^ r > 



Coal / . 

Coal is made up of fixed carbon and volatile matter . The volatile matter 

portion of coal is made lip of hydrocarbons that Convert to gas form when heated. 

The portion of coal that is left after the volatile tnatter is passed off is 

called fixed carbon* Coals are divided into classes according to their content 
of fixed carbon and volatile matter* " . 

1. Anthracite — a shiny,. hard coal with e high percentage of fixed 
carbon (92%) and a low percentage of volatile matter (8%).^ 

2. Seroianthracite — a dark grey colored coal with 86 to 92% fixed carbon 
and 8 - 14% volatile matter. , ' 

•3. Bituminous — a black to dark brown coal that are best suited for power 
plant fuel* The supply is' plentiful and coat is reasonable. The 
volatile matter content ranges from 14 % td more than 31 %. / 

4. Sub-bituminous —High moist^^ content " coal which reduces i their 
shipping for power plant fuel* • . * 

5. . Lignite — Brown colored coal with high moisture and ash content and 

low heating value. It is not economical to ship lignite long distances. 

6. Pulverized Coal — Coal t^at has been finely ground and can be fed into 
the furnace with. a stream of air. Pulverized coal is utilized by large 
plants that are located near the coal deposit * 

* ' ' • 

Fuel Oil , . ^ 

Fuel oil is made from petroj-eumj. It mpy be of three. types, 

1, Crude petroleum as It comes out of the well without processing. * 
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\ . . . 

2* Heavy Oil or Re:^ldual Oil — The residue of crude petroleum after 
partial refining. Gasoline and other volatile materials have been A 
removed to make it a safer fuel. 



3. Light fuel oil — Residue of petroleum after complete refining. 

F^uel oils are designated, by grades that range from No. 1, the lightest grade, to 
No. 6, the heaviest grade. No. 6 fuel oil is the most comjnon to steam generation 
plants. Fuel oil has many advantages over coal a^^a fuel. The combustion 
efficiency is higher; less storage is required; and it requires less labor and 
equipment. 

, Natural Gas , - 

Natural gas is largely methane which is a hydrocarbon with the formula of CH^. .. 
This means that each molecule, of methane is composed of one carbon and . four 
hydrogen atoms that are hooked together like this: 

- » . . . - • 

I • . ' 

H — C ~ H ^ • , 

I • 

• H ^ 

Methane makes up about 77% of natural gas. There is some 6% ethane which' Is 
bonded together like this! 



H H * 

. H — C — C ~ H o 
H H 

The chemical formula for ethane is C^H^or two carbon atoms and six hydrogen 
atoms to each molecule • * ' 

In addition -to methane and ethahe, natural gas contains* 4% of ^ other 
hydrocarbons, 7% hydrogen sulfidejand 5% carbon dioxide. The sulfur is usually 
removed from natural gas before It: is burned. 

Natural gas is the ideal bojbipr fuel. It does not leave an ash or re&idye^ can 
be easily mixed with air; and is easy .to control. It is more expensive than 
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rnformation 





♦solid fuels and may require long lines to bring it to the plant site. 
Wood • .. 

Wood and bark residues can be utilized to fuel ^boilers. ^ Ho cged fuel 
that has been reduced to small pieces In a machine calle'd a hog . J 
unit of hogged fuel (200 cubic feqt) would contain the following; 



is wood 
typical 



Total weight — 3650 pound^ 
Bty weight — 2190 pounds I 

Water by i weight — 40 percent " / 

Heating value per dry pound -- 98A0 BTU 

Heating value per unit ^ 200, 220, KTU . 
Ash content ~ 1.88 percent\ . 

fuel i^ classified by sbecie^i of wood, si2ie, moisture content, 
ultimate analysis proximate analysiA * and\ heating value. The fuel has a high 
oxygen content which reduces the d6mand$ on outside air supply. i*The sulfur 
content of hogged fuel is so low thiat the problems of air pollution are not a 
-risk. The volatile matter content oli wood and bark is high (70-90%) and varies 
between species. Woods with high resVnj:ontent produce much more heat than low 
resin woods. * 



Hogged 



Ultimate Analyses 



Ultimate analyses are used to determin 
amounts (percentages) of- hydrogen, 
determined by ultimate analysis. 
Western* Hemlock hogged fuel is shown in 



the chemical content of fuels. The 

carb\)n, nitrogen and ash in the- wood are 

.The ultimate analyses 'for Douglas Fir and 
the following table. 



Table 2. Typical Ultimate Analyses pVta for Moisture -FreeSamples of 
Hogged Fuel Bark. ^ ^ 



Component 



Douglas 
fir (14) 



Western 
\emlock (14) 



• Avg of 22 
samples^ 



Hydrogen 

Carbon 

Oxygen 

Nitrogen 

Ash (inorganics) 



% 

6.2 
53.0 
39.3 
0.0 
1.5 



5.8 
51.2 
39.2 
0.1 
3.7 



%" 

6.1 
51.6 
41.6 
0.1 
0.6 



\ 



»These samples were collected and lanflyzed by Weyerhaeuser Cpmpariy. 
They were random samples of hogget! tuel taken from various, mill sites. 
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Proximate Analyses . 

Proximate ancj^Lyses are Used to determine the percentages of volatile -^matter , 
fixed carbon and ash in a fuel. A proximate analyses of several types of bark^ 
and sawdust fuels are shown in the following table. . 



Table 3. Typic^al Proxin^ate Analyses of Moisture-Free 
Fuels (8). . . 



}Vood 



Species 



BARK 
Hemlock 

Douglas fir, olc^ :growth 
Douglas fir, yoUrig ^ growth) 
Grand fir 'W' 
W\ite fir 
Ponderosa pine • 
Alder 
Redwood 

Cedat bark' ^ 

SAWDUST 
Hemlock i 
Douglas fir 
White* fir ^ . 

Ponderosa pine 
Redwood 

Cedar • 



Volatile ' 


■ 1 1 — - 




matter 


(?harcoal 


Ash 


* 


% 


. % 








74 .5 


24-, 0 


1.7 


70.6 


. 27,2 


2.2 


. 73.0 


25,8 


1.2 


74.9 


22.6 


2.5 


73.4 


24.0 


i 2.6 


7^.4" 


25.9 


,0.7 


74.3 


23.3 


; 2.4 


71.3 


27.9 


•V 0.8 


*86.7 


13.1 


0.2 


84.8, 


15.0 


0.2 


86\2 


13 .7 


0.1 


84.4 


15.1 


0:;5 


87.0- 


12 .8 


0.2 


' 83.5 


16.1 


0.4 


77.0 


21 .0 


2.0 
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Self 

Assessment 





Match the words and phrases. 



1. Volatile matter 



w 2. Fixed carbon 



3. Anthracite 



A. Pulverized coal 



A, Shiny, hard coal with high 
level of fixed carbon. 

Oil as it comes out of the 
ground, 

C. Oil that has had complete 
distillation, 

D, Makes up 77% of natural gas* 



5^ Bituminous 



6. Crude petroleum 



E. Fed into furnace by air 
stream* 

F. Low in sulfur content. 



7. Heavy, oil 

8. Light fuel- oil 

9. Methane 
10. Wood fuel 



G. Portion of fuel left after 
volatile matter is passed off. 

H. Type of coal that is best 
suited as power plant fuel. 

I. Oil that has had partial 
distillation. 

J. Converts to gas when heated. 



eric" 



10 



\K 39 



INSTRUCTIONAL LEARNING SY$TEM!^# ' A > 



0 Self Assessment 
Answers 



' A 



E 



H 



B 



1. . / ■ 



2. 
3. 
A. 
5. 
6. 

I 

7. 
8. 




D 



9. 



10, 



1 ■ 



( 
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JPost 

Assessment 



1^ 



1. CoaX Is made up of fixed carboii and 




\ 



2. Anthracite has 92% fixed carbcm and 8% 



. 3. List three types of fuel oil that can be used as fiftrnace fuel. 



4. The grades of fuel oil range from No. 1 to No. 



J7 



5. What does the follovdng chemical formula represent? 



H — C ~ H ' 
I 

H 

6, Natural ga9 is. made up of 77% ^ ^ » 6% / 

A% of other hydrocarbons, 7% hydrogen sulfide and 5% carbon dioxide. 

7. Describe the as^ problem with natural gas fuel. 



8v A 



a fuel. 



9. A 



matter, fixed carbon and ash in a fuel.y 
10. Js sulphur a big pvoblem in wood fuels? 



analysis determines the chemical composition of 
analysis determines the percentage of volatile 
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Instructor 

f ost Assessment 
Answers 




1. Volatile matter 

2. Volatile naatter , . 

3. Crude petroleunit heavy* oil, light fuel oil* 
A. No. 6 I 

5. Methane 

6. Methane, Ethane 

7. There is no ash problem. 

8. Ultimate analysis 

9. Proximate analysis 
10, No 
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Supplementary 
References 





'\ .. ■ 

* Research Bulletin 17. Biolers fired with Wood and Bark Residues. 
David C. Juhge. Forest R.esearch Laboratory. Oregon State University. 
19'75. ' . . 

* Correspondence Course. Fuel s^ and Combustion. Second Class, Lecture 5, 
Section 2. Southern Alberta Institute of Technology. Calgary, Alberta, 
Canada. ' c 
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COMBUSTION ~ AIR AND FLUE GASES 



Goal: 



apprentice will be able to 
describe air and flue gas 
relationships in combustion ♦ 



J 



Performance Indicators: 



!• Describe air requirements 
for combustion* ' 



1. Describe flue gases. 

3, Describe flue gas analysis 
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Guide 




. ■ • / . ■ " ■ ■ 

* Read the goal and performance indicators to find what is to be learned from"^ 
packag€>* . 

* Read the vocabulary list to find new words that will be used in package. 

* Read thq introduction and information sheets. 

Complete the job sheet. n 



* CoE^lete self -assessment. 

* Complete post-assessment. 
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* Analyzing cells 

9 

* Automatic gas analyzer 
^ Carbon dioxide (CO4) 

* 'Carbon monoxide (CO) 

* Combustible analyzing cell 

* Compensating flla^nents 

* Excess air 

^ Measuring filaments 

^ (Oxygen analyzing cell 

* Sulfur dioxide (SO^) 
^ Theoretical air 
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Ihtroduction 





The combustion process must be carefully monitored if efficiency in combustion 
is desired. Flue gases hold the clues that tell us whether the combustion was 
complete or incomplete » / ' 

Since flue gases cannot be physically measured, they must be anlyzed by chemical 
procedures. This can be Accomplished by a laboratory approach or through the use 
of automatic analyzers. 

Onee ^he enalyees-have been completed, the operator must make adjustments to 
improve the combustiori process. If too much CO is found in the flue gas, 
combustion is incomplete anjljjiore air should be supplied. 
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Information 




Complete combustion required air for oxygen. Air contains 21% oxygen and 79% 
nitrogen. The amoimt of air required for complete combustidn is called 
theoretical air . In practice, more air must be added beyond the theoretical air 

Excesg air is 
Excess air is 



to assure that all fuel comes in contact with oxygen molecules, 
that amount ^£ air added beyond thei theoretical air requirement, 
shown as a percentage of theoretical' air . 



Combustion. in the presence of excess air produces substances that will appear in 
the flue gas. These are called the products of combustion,. Complete 
combustion gives products of carbon dioxide t sulfur dioxide , water and excess 0^. 
Carbon monoxide in the flue gas is a product of incomplete combustion. The 
efficiency of combustion can be determined by analyzing the flue gas. 

Flue Gas Analysis 

A flue gas analysis determines the volume percentages of carbon dioxide (CO;j ) , 
carbon monoxide (CO) and oxygen (Oj). Water and sulfur content are not normally 
measured in a flue gas analysis. 

The maximum cotRient for CO2, of various fuels is as follows: 

* Coal 19% 

* Oil / 15.5% 

* N&utral Gas 12% 

These maximums are based on absence of exce3s air. If excess air is supplied, 
the percentages of CO^j^wilOL be reduced. 

The analysis procedure canVbe completed by use of: 

* Orsat Apparatus — a \device composed of burrettes, bottles, bulbs and 
valves . 

* Automatic gas analyzer which collects the sample, testp and records 
results. 

The steps in analyzing for CO;t Orsat apparatus are laboratory 

procedures that require detailed and painstaking effort. This process will not ^ 
be detailed in this package, . The apprentice that wishes to master the process 
should consult a manuals The same apparatus is used to analyze for 0^ and CO 
content. 
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Modern power plants have instruments that automatically measure the levels of GO^., 

and^Co in the flue gases. Automatic analyjeers use measurinR fllamehts and 
compensating filaments of platimum. Hydrogen is suppplied to the filaments from 
a tank. When the sample gas meets the hydrogen at the filament, combustion 
occurs. The two filaments will heat up td different levels which changes the 
electrical resistance of the filaments. This electrical resistance is measured 
and recorded automatically. Th^ measuring devices are called analyzing cells . 

• BEST COPY AVAILABLE ^ 
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Informatio 




Each analyzing cell contains the tio platimum filaments. There is ^ an 
oxygen analjyzinR cell and a Combustifcle analyzinR cell Mn an analyzer, A 
diagram of an automatic gas analyzer i^shown below. , 



/ 



COMBUSTIBLES ANALYZER COMPtN$ATlNG riLAMENT^ 
COMBUSTIBLES ANALYZER MEASURING FILAMENT- 



AIR FLOW CONTROL ORIFICE- 



S- 



COMPRESSED 
AIR INLET — >-c 

K 



AIR PRESSURE 
REGULATING VALVES- 



OXYGEN ANALYZER MEASURING FILAMENT 
OXYGEN ANALYZER COMPENSATING FILAMENT 
OXYGEN ANALYZER SAMPLE ORIFICE 



-SAMPLE PRESSURE 
REGULATING 
VALVES 




AIR FAILURE ALARM SWITCH 

EXHAUST TUBE 
COMBUSTIBLES ANALYZER SAMPLE ORIFICE 

•Automatic Gas Analyzer 



•GAS SAMPLE 
INLET 



SAMPLE FAILURE 
ALARM SWITCH 



EXHAUST TUBE 
HYDROGEN FLOW CONTROL CAPILLARY 
.HYDROGEN PRESSURE REGULATOR 




/ 



/ 



BEST COPY AVAILABLE 



ERIC 



■•I" 



INST^UCTIONA II^ARNING SYSTEiyS 






* Read pages .13-20 in the supplementary reference, 

* Complete jpb sheet. b 

* Complete self -assessment and check answers, 

. Complete post-asses«ment and ask instructor to cheplj: answers. 



\ 
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Job Sheet 




ASSIST JOURNEYMAN IN ANALYZING FLUE GAS. 



* Ask experiepced operator to assist in making flue gas analysis. 

* Observe their techniques in: 

- Pullim; the gas sample 

- "testing for CQi 

- Testing for 0^ 

- Testing for CO ' ■ 



* Obgieip^e the computations of percentages, 

* Ask operator to explain findings, \ . , ' . 

|!^' A^ operator to explain actions to be taken as a result of the test. 

f^/.. If automatic gas analyzers are uscid, ask operator to explain the recorded 
} . analysis . . 
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Self 

Assessment 





!• The exact amount of air needed to achieve complete combustion is called 
^ ^ ^ air* 

2. Additional air beyond that needed for^ complete combustion is aded so that 
all fuel will be exposed to oxygen. The additional air is called 

air. 



3, The products of complete combustion are 
sulfur dioxi^de, H^O and 0^ • ^ 

:t of iitec 



A. A pro<iuct 



:omplete combustion is 



5. What three substances are analyzed in a flue gas analysis. 



6. Are sulfur and water content of flue gases analyzed? 



7. The. maximum CO^ level is lowest for ^ 



fuel. 



8. The 



apparatus is used for analyzing 



flue gQses. ' ^ 

9* What are the measuring devices in an^automatic gas analyser? 



10. Automatic analyzers use compensating filaments and 
fildipents in the analyzing cells. ^ . 
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^ Self Assessment 
Answers 




1. Theoretical air 

2« Excess air 

3. Carbon dioxide 

A. Carbon monoxide 

5i CO^, Oj, CO 

6. No 



\ 



2> 



natural gas 

f 

8. OrSat 



9. Analyzing cells 



10* Compensating 
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J*ost 

Assessment 





•ft 



1. Flue gas can be analyzed by two methods. List those methods. 



List two types of filaments in the analyzing cells of an automatic gas 
analyzer . 



3. List two types of analyzing cells in an automatic gas analyzer 



A. Air contains % nitrogen and % oxygen. 



5. List the products of complete combustion, 



6. What is the major product of incomplete combustion? 



7. How is the sulfur contentof flue gas measured? 



8. What is an Orstat. apparatus used for? ' 



-4 



9, Is the percentage levels of CO^ increased or decreased with the addition . 
of excess air? „ ' ^ ' 

10. What substances are analyzed in a flue gas analysis? 
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Instructor 
Post Assessme'nt 



Answers 




0 




!• Or sat apparatus, automatic gas analyzer 



2. Measuring and compensating 



3. Oxygen analyzing cells and C9mbustible ^alyzinig-^ells 



A. 79% nitrogen and 21% oxygen 



5. Carbon dioxide (CO^), sulfur dioxide (SO^), water, oxygen (0^) 




6* Carbon monoxide (CO) 



V 



7. Sulfur is not measured 



8. Analyze flue gases 



9. Decreased 



10* CO , 0 , CO 
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^Supplementary 
ReTerences 




* Correspondence Course, Lecture 5, Section 2, Third Class. 

Southern Alberta Institute of Technology. Calgary, Alberta, Canada. 
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COMBUSTION HEAT TRANSFER 




Goal: 



The apprentice will be able to 
describe heat transfer methods. 



Performance Indicators: 



1. Describe heat transfer by 
conduction. 

2. Describe heat transfer by 
convection • ^ 

3. Describe heat transfer by 
radiation* 



r 
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* Read the goal and performance Indicators to find what is to be learned from 
package. 

y' 

* Read the vocabulary list to find new words that will be used in package. 

* Read the introduction and information sheets. 

* Complete the job sheet. 

* Complete self-assessment. ♦ 

* Complete post-assessment . 

- . 1 
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^ ConvecSkion 

^ Convection currents 

^ Forced convection 

1^ Heat transfer 

* Insulation 
^ Joules 

* Natural convection 
^ Radiation 

* Thermal conductivjty 
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Introduction 





Heat is generated in a furnace and must be transferred to other locations. 
Water, steam and air must receive heat from the boiler furnace. , ' 

Much of the heat can be efficiently utilized if the methods of heat transfer are * 
understood and followed. The operator must understand the basic methods of heat 
transfer in order to understand the procedures in boiler operation. 

This package explains the three methods of heat transfer. 



\ 
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Information 





Heat flows from one body t© another. The flow is always froinXthe body of high 
temperature to the one of lower temperature. The rate of flow is dependent on 
the' temperature differences and type of material that the heat is flowing 
through. The movements of heat^rom one place to another is called. 
. heat transfer . ^ , ' 

Heat transfer can be accomplished by three Methods, 

1. ; Conduction 

2. Convectiibrr ' 

3. Radiation 

. • ■ 't 
Conductio n \ - 

In conduction, heat moves through a \ody from one molecule to the next molecule. 
If a high temperature is applied to one molecule, the heat will move to 
surrounding molecules of lower temperature. An example of conduction occurs 
when a metal object is heated on one end. The heat will travel »from molecule- *to 
molecule until the opposite end will eventually become hot. Some materials 
conducts heat very well. The ability to conduct heat is called 
thermal conductivity which is expressed in jouleg of heat transferred. Copper 
has a high thermal conductivity. Air, wool, cork and asbestos have low thermal 
conductivity and are used as insulation to reduce the transfer of he?it. 

Convection , . . " 

Heat transfer by convection involves liquids or gases. As a liquid or gas is 
heated , it expands and rises toward the top . When it moves upward , it is 
replaced by cool liquid that will be heated. The water in a boiler drum is 
heated by convection currents . Flue gases move up the smokestack by convection 
currents. This is known as natural convection because it rises on its own as 
the temperature increases. In cases where hot water is moved through a system 
by a pump, it is called forced convection . Many residental water sys.tems in 
Alaska use forced convection to transfer heat." On -SO nights, one can hear 'the 
gurgle of forced convection as it moves hot water throughout the house. 



Radiation 



\ 



Radiation refers to the emission of electfo-raagnetic w^ves of light rays. In 
the case of heat transfer, the waves are emitted from a high temperature bodies. 
The receiving body will^dther absorb the thermal waves; allow them to pass on 
through; or reflect thed^'Mfy. Some materials absorb heat and others reflect it. 
Smooth surfaces, tend to reflect iT.-^>,Smooth surfaces tend to reflect heat while 
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Information 




rough surfaces absorb It* Air tends to pass the energy through absorbing only a 
small part of the heat. » ^ta— boiler operation, heat is transferred from the 
furnace to the tubes by radiiatipn-r^ 
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* Read pages' 8 - 9 in refetence. 
Complete job sheet* ^ 

Comiklete self-assessment and check answers, ; 

* Complete post-asdessment and have instructor check answers, 
f • 
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CONDUCT EXPERIMENTS IN HEAT TRANSFER 



1. 
2. 
3. 



Take a piece pf copper wire. Hold on to one end and stick the other end in 
th§ fire. Continue holding until heat reaches your hand. (CONDyCTI^) 

Hold your hand over a fireplace fire or campf ire at some distance- above the 
flames. Feel the warm currents from hot 'air and gases. (CdNVECHON) ' 



Find a spot that will allow the sun to beam directly on to your body, 
the warming by the thermal waves of the sun* (RADIATION) 



Feel 



/ 
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Ass^sment 




!• The movement of heat from one body to another is called 



2. The movement of heat from molecal^to molecule i's called 



3* Thermal waves move from one body to another by 



4, Fluids and gases move heat by rising upward as the temperature rises, 
This method of heat movement is called 

5, The ability to conduct heat is called 
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^Self Assessment 
Answers 




U Heat transfer 

"V 

2 . CoiYcJuction 
3. Radiation 

Convection 
5. Thermal cond^tivity 
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Assessment 




1. List tffree methods of heat transfer. 



Which method of heat transfer is used to move heat from the furnace to 
boiler tube walls? 



3, Which method of heat transfer is involved in moving flue gases up the 
smokestack? ^ v 



thermal conductivity o^materials is expressed in 
5* List two types of convection^ 
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Instructor 




Answers 





1. Conduction, convection and radiation, 

Q » 

2. Radiation^ 

3. Convection 
\ 4, Joules 

5. Natural and forced 



" — or- 
ERIC 



12 



6.9 



T 



INSTRUCTIONAL LEARNING SYSTEMS 



Supplementary 





* Basic Training Manual for Steam Power Plant Operators. 
Electric Company. 196A, 



Pacific Gas and 
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* 16.5 



COMBUSTION — WOOD 




.} 



Goal: 



The apprentice will be able to 
describe factors affecting 
combustion of wood fuel-. 



I 
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Performance Indicators: 



1. Describe fuel related factors 
affecting combustion. 

2* Describe air related factors 
affecting combustion. 

3. iDescribe other factors 
affecting combustion. 
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Study Guide 




^/^ Read the goal and performance indicator© to find what is to be learned from 
package • - • > . 

^ Read the vocabulary list to fiTnd new words that will be used in package. 

^ Read the introduction and information sheets ♦ 

* Complete the job sheet • 

* Complete self-assessment. * 

* ^Complete post-assessment. 



/ 




/ 



* Evaporation 

* Gadeous-phase reaction 
^ Moisture consent 

* Proximate analysis 

* Size of particle 

* Turbulence 

^ 'Ultimate analysis 
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Introduction 




r 



Waste wood products are becoming more Important as a fuel for steam generation 
equipment. As forest products firms seek better utilization of their ^by-' 
products, the generation of power offers a practical use for hogged fuels. 

The . Oregon landscape was recently dotted with wigwam burners and wa^te sawdust 
piles. Those scenes have vanished. Hogged fuels, sawdust and barlcdust have 
become valuable by-products of a forest economy. Power generation is one option 
In full utilization of Oregon trees. Wood is the prime boiler fuel in Oregon 
and Washington, 

The combustion of wood differs from other fuels » This package discusses some of 
the factors to be considered in the combustion of wood fuel,|^ 
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Information 





In Oregon > hogged fuel is used to generate steam in mny plants because of its 
availability. The combustion process in wood differs from that^ of other fuels, \, 
Basically, it is a Raseous-phase reaction . About 75-85% of wood fuel is 
volatile matter and must burn in the gaseous state. Several factors affect the 
burning of wood fuels and their heat yield. 

Size of Wood Particles * ' * ' ' ' ? 

Since most of the wood must be converted into a gaseous state for burning, 
evaporation becomes important. The size of the wood particles determine how 
fast -the evaporation takes place. The smaller pieces, the faster the wood will 
vaporize and burn^ A surface area to volume ratio is used to designate the 
effect on combustion rates by different size wood particle?. 



Moisture Content 



loistur^ content 
Evaporation takes 
moisture content, 



directly .affeqts the evaporfl^^tion rate of wood j^^uel, 
place imraediateiy with dry wood fuel. In woods with high 
much of the ^leat is needed to evapofpte the m6dsture. The 
following table shows the moisture content and relati^ve ratio of surface to 
volume and its effect on the rate of combustion fot ^^ geveral types of wood fuel. 



Wood and Bark 
Residues]^ 


Moisture 
Content (%) 


Ratio 
Surface to 
Volume 


Effect On 
Rate ot " ; 
Combustiion 


Bark 




1 


2 


Planer^ Shavings (Kiln/ dry) 
» 1 


16' 

> * 




30 


Planer Shavings (Gre|n) 


AO 


■ 5 

h 


12- , 


Sawdust 


/ 35 


6 





Note the effect of ^particle size by comparing bark and sawdust. The sawdupt has 
a value of 17 as compared to 2 for b^rk,^ The rate of combustion much faster 
for sawdust. Likewise, cpmpare kiln dry aiid green pian^r shavings, Moisturfe 
content affects the rate of combustion considerably, ' • 
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Information 




Ultimate Analysis , 

The ultimate analysis shows that 617 pounds of air Is required to burn 100 
pounds of hogged fuel. The excess air Cfin be determined directly form measuring 
CO;^ and 0;j^ and comparing it with this ultimate analysis of wood fuel. 

Proximate Analysis . . ^. 

The prpximate analysis provides percentages of volatile materials, fixed carbon 
and ash in a fuel. From 75-85% of wood is volatile matter* A 2% ash content is 
of concern to an operator. Ash does not burn but it can cause problems by 
plugging up airways and grates. Mechanical collection equipment must be 
designed to withstand this high ash content, . ^ 

Method of FeedinR Fuel . 



e method for feeding fuel is dependent on the furnace design. In a Dutch oven ^ 
furnace, the fuel is poured onto the top of a pile and allowed to tumble down the 
pile to the furnace grates. Combustion is slow in taking place, ^- A spreader- ' 
stoker furnace is fed by spreading, the fuel across the grate and fall through y 
the flames. Combustion takes place immediately. The method of feeding will \ 
have an effect on the efficiency of combustion, ^ ^ 



Even distribution of fuel 



V Distribution of Fuel in Furnace 

1j ' - ■ 

Fuel must be spread ev6n;% over the furnace floor, 
should ^)e priacticed in all types of furnaces. 

Varia tions in Fuel Feed Rates 

. , O ■ . ' ] 

Inct^eases^ in fuiel feed rates to meet load demand's may affect combustion. 
1-oadlng > high moisture fuel into a furnace may cause an upset in the* combustion 
.tig^rocess. The feed rate should be Increased gradually — not all at once. Gradual 
^Increases help maintain stability 6f the combustion procees%. 

^ Depth pf Fuel Pile in Furnace . 

Deep piles of fuel cause a decrease in airflow under the fire. Most wpod 
furnaces are- not equipped to vary the air pressure • In Dytch oven furnaces, 
changes in* fuel pile depth causes changes in the transfer of radiation heat. 
Care should be given to maintaining a fuel pile depth that is constant. 
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Separate Firing Practices . . ■ * 

Sometimes, several* types of hogged fuel are„used at the same time. Some 
operators mix the fuels together and others feed- them Into the furnace 
separately. Quite often sanderdust and bark are fed separately. Problems In 
combustion can arise when different fuels are fed into the furnace. ' Sanderdust 
is highly combustible while bark is le^ combustible. The uneven combustion 
rates may lead to problems in stabilizing the combustion process. 

fit- 

Auxiliary Fuel UsaRe 

Other fuels are often tised to support combustion of high moisture wood* 'Coal 
and oil contain sulfur which creates air pollution. ' This may not be desirable 
when air pollution standards are to be met. Natural gas is a good choice of 
auxiliary fuels because it is relatively free of ash. 

fercenta};te of Excess Air 

Some excess air is necessary for the combustion process. Too-ffiueh^-exce^s ftir- 

creates problems. Manufacturers recommend 20-50 percent range as being optimum 
for excess air in hogged fuel boilers. 



Air Temperature 



\ 



When air_enters the combustion zone, it should be preheated. Preheated air is 
important to drying of the fuel and speeding up the combustion rate. 

Ratio of Over fire to Under fire Air * . , 

The ratio will vary with the design of the furnace*. A theoretical ratio shows 
that 75% of the air should be supplied above the fuel pile and 25% below it. 
Fuel moisture content and furnace design Influence the ratio. With gom^ high 
moisture woods, the under fire air should make up 75% of the total air, 1 

Turbulencp of Air » ' 

f ^ ■ 

Complete combustion requires that oxygen molecules must come into contact with 
each fuel molecule, In order to make this contact, th# air and fuel must be 
tossed around by a gas flow in the furnace. The more turbulence of air, the 
better the combustion process. Well mixed fuel and air is safer because fuel 
vapors are not allowed tp collect in pockets. Explosions can be the result of 
|uch vapor pockets. ■ 
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, F^lov Relations Between Fotced-praf t And Inducgd-Dr aft Systems ' I 

Some hogged fuel furnaces"do not have balanced, .ajutomated draft systems. Such 
installations do not have good control of thd cWbustion process. Incomplete 
' combustiotv in the form pf emissions of smoke cinders and other pollutants can ]je 
observed 'coming out of the stack. 

Other Factors . , ' ' . 

Soot and ash deposits must be regularly removed if good combustion conditions 
are to be maintained. 

Boil^er cleaning and maintenance is important to good combustion. 

The water level in the steam drum should be maintained for optimum combustion. 
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nment 




* Read pages 19-29 in supplementary reference. 

* Complete the job sheet, 

* Complete the self-assessment and checjc answers. 

* ■ * ■ 

* Complete the post-assessment and ask iTistructor to check answers. 
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Job SfTeet 




VISIT WOOD BURNING BOILER SITE 



# 



* Locate a nearby plant that uses wood as a fuel. 

* Ask permission to visit and observe wood fueled equipment. 
^ Determine ^ . 

- vbiAt type of hogged fuel is used? 

- How is the fuel processed before entering furnace? 

- What kind of furnace is used? 

- What type of draft control is used? ^ 

- Does the plant use an auxiliary fuel? What kind? 
Diies the plant use separate firing practices for more than one kind of 
hogged fuels? 

What types of equipment are used to monitor fuel, air, exhaust gases? 
What special equipment is us^d to control the combustion process? 
How is air pollutjion monitored? 



\- 
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.Self 





K What percentage of hogged fuel is volatile matter? 



2, The rate of evaporation is largelV determine by 
wood particles. 



of the 



3. Which has the higher moisture content — sawdust or bark? ^ 



A. Which will burn faster — sawdust or bark? 



5. What is shown in a proximate analysis? 



6, What is shown in an ultijnate analysis? 



7, Should wood fuel be fed as a pile of fuel or spread evenly over the furnace? 



84 What is caused by making the fuel pile too deep? 



9. What is the major disadvantage of coal^yid oil as auxiliary fuels? 



10, Why is air turbulence, important toXcombustion? 
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Apswers V 


^^^^^^^ 





2. • Size 

3. Bark 

K 

4. ^ Sawdust ■ ^ ■ ^ * \ ' 

> 

5. Percentages pf, volatile matter, fixed carbon and -ash in fuel • ' 
Percentages of carbon, hydrogen, oxygen, nit/bfeen and aslt in fuel^ , 

1 . Spread evenly over tloor ' ^ ^ 
8* Decreases ii> airflow under the fuel pile 



9^ Adds air pollution problem 
10, Aid combustion* and prevQpt gas vapor pockets 
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JPost 
Assessmetit 




!• In systems without good draft equipment, what are some observable signs of 
incomplete combustion? 

2. Which furnace would offer the fastpst rate of combustion ,^ue to its method 
* of feeding — the Dutch oven or a spreader-stoker type? 



When there is a suddem demand for steam lo^d > Should the operator increase 
the feed rate gradually or all at once? 



Why do small wood particles give better combustion rates than large 
particles? 



5. The effect of particle size on combustion rates 'is described as a surface 



area to 



ratio. 



6. The percentages of oxygen, Hydrogen, carbon, nitrogen and ash in a fuel is 
determined by ^ analysis. 

7. , The percentages of volatile matter, fixed carbon and ash is determined by 

a , analysis of wood fupls. * ^ 

8. The theoretical ratio of air needed for combustion is % supplied 

as oyer^lr and ' % as underair* * Due t(;^^sign differences this 

* ratio dofes not apply in many furnaces, r ^ 

9* List two reasons why air turbulence is important to combustion? 



IQ, Does the airflow increaSfiL^or decrease under the fire when fuel is piled 
too deep? 
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Instructoi^ 

Fbst Assessment 
Answers 




1 • Smoke cinders and pgllut^nts passing oiiL the stack 



2 . Spreader — stoker 



3, Gradvially 



4. Allows evaporation to take place faster 



5 . Volume 



.6, Ultimate analysis 



7. Proximate analysis 

8. 75 % c:(^^^r^r and 25% underalr , 

If 

9. Mixes fuel and air molecules and prevents fuel vapor pockets which may 
cause explosions, 



10. Decrease 
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* Boilers Fired With Wood and Bark Residues. David C. Junge. Research^ 
Bulletin 17. Forest Research Laboratory. Oregon State University. 1975. 
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